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ALIGNMENT DETECTION BY FULL AND
PARTIAL FEC DECODING

BACKGROUND

In some digital communication systems, data 1s encoded
into codewords via a particular error control coding method.
In some cases, the codewords are then divided into fixed-
s1ized frames. As the propagation channel does not have a
concept of frames or separated data umts, the sender and
receiver have to recognize frame borders in the data stream.
This process of recognizing the borders of each data frame
1s called frame synchronization.

In conventional frame synchronization schemes, sync-
words are inserted into the modulated symbol streams. In
particular, a syncword (also referred to as a sync sequence)
1s 1nserted between two frames of codewords, each of which
has a predetermined number of codewords. The receiver has
a synchronizer (which 1s often a special circuit) configured
to detect these known syncwords, and their positions are
used to identily the beginning and end of a frame of
codewords.

In general, a synchronizer operates in two basic modes,
namely, an acqusition mode and a lock mode. In the
acquisition mode, the synchronizer searches the syncword to
establish synchronization. Once the synchronization 1is
achieved, the synchronmizer enters the lock mode and passes
data frames to the next stage with syncwords stripped ofl. In
the lock mode, the syncwords are usually detected or con-
firmed at the predicted positions.

The subject matter claimed herein 1s not limited to
embodiments that solve any disadvantages or that operate
only in environments such as those described above. Rather,
this background 1s only provided to 1llustrate one exemplary
technology area where some embodiments described herein
may be practiced.

BRIEF SUMMARY

This Summary 1s provided to mftroduce a selection of
concepts 1n a simplified form that 1s further described below
in the Detailed Description. This Summary 1s not intended to
identily key features or essential features of the claimed
subject matter, nor 1s 1t mtended to be used as an aid 1n
determining the scope of the claimed subject matter.

The embodiments described herein are related to a wire-
less digital communication system, a method, and/or a
receiver for detecting borders of codewords or data frames
in a data stream by full and partial forward error correction
(FEC) decoding. The process of finding borders of code-
words or data frames 1n the data stream 1s also referred to as
alignment.

The wireless digital communication system includes a
receiver configured to receive a data stream containing
multiple code blocks. Each code block has a predetermined
size and was encoded based on a particular error control
coding method, such as (but not limited to) a turbo coding
method, a low-density parity-check decoding (LDPC)
method, or other block coding method. The receiver
includes a FEC decoder.

The FEC decoder has an acquisition mode and a lock
mode. When the FEC decoder 1s 1in the lock mode, the
decoder knows the borders of each code block 1n the data
stream, and the decoder 1s configured to decode each code
block 1n the data stream based on the particular error control
coding method.
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When the FEC decoder 1s in the acquisition mode, the
FEC decoder does not know the boarders of each code
block, and the FEC decoder 1s configured to find an align-
ment of a code block by attempting to fully decode or
partially decode one or more data windows of the predeter-
mined size 1n the data stream. In particular, the FEC decoder
selects a first data point 1n the data stream, and fully decodes
or partially decodes a data window of the predetermined size
starting from the first data point based on the particular error
control coding method. The FEC decoder then determines
whether the fully decoded or partially decoded data window
1s a valid codeword. In response to determining that the fully
decoded or partially decoded data window 1s a valid code-
word, an alignment of a code block with the data window 1s
found, and the FEC decoder 1s switched to the lock mode.

In response to determining that the decoded data window
1s not a valid codeword, the FEC decoder selects a second
data point 1n the data stream and fully decodes or partially
decodes a data window of the predetermined size starting
from the second data point based on the particular error
control coding method. This process repeats until an align-
ment of a code block with the data window 1s found.

Additional features and advantages will be set forth in the
description which follows, and 1n part will be obvious from
the description, or may be learned by the practice of the
teachings herein. Features and advantages of the invention
may be realized and obtained by means of the mnstruments
and combinations particularly pointed out in the appended
claims. Features of the present invention will become more
tully apparent from the following description and appended
claims or may be learned by the practice of the invention as
set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner 1in which the above-recited

and other advantages and features can be obtained, a more
particular description of the subject matter briefly described

above will be rendered by reference to specific embodiments
that are 1llustrated 1n the appended drawings. Understanding
that these drawings depict only typical embodiments and are
not, therefore, to be considered to be limiting 1n scope,
embodiments will be described and explained with addi-
tional specificity and details through the use of the accom-
panying drawings in which:

FIG. 1 1illustrates an example of a wireless digital com-
munication system;

FIG. 2 1llustrates an example of a communications link 1n
a wireless digital communication system of FIG. 1;

FIG. 3 illustrates an example of a communications link
that implements the principles described herein;

FIG. 4 illustrates an example of a process ol inserting
syncwords 1nto a symbol stream:;

FIG. 5 illustrates an example of a process of identifying
one or more syncwords 1 a symbol stream;

FIG. 6 1llustrates an example of a process of finding an
alignment of a code block 1n a data stream:;

FIG. 7 illustrates a flowchart of an example of a method
for finding an alignment of a code block by an FEC decoder
in a data stream; and

FIG. 8 illustrates a flowchart of an example of a method
for accelerating a synchronizer’s acquisition of a data stream
by simultaneously finding an alignment of a code block of
the data stream by an FEC decoder.

DETAILED DESCRIPTION

The embodiments described herein are related to a wire-
less digital communication system, a method, and/or a
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receiver for attempting to detect borders of code blocks or
data frames 1n a data stream by speculative forward error
correction (FEC) decoding (also referred to as channel
decoding). The process of finding borders of code blocks or
data frames 1n the data stream 1s also referred to as align-
ment, synchronization, and/or acquisition.

Traditionally, alignment 1s obtained by watching for a
synchronization sequence (also referred to as a syncword) 1n
the data stream. Some established waveforms and waveform
tamilies have a fixed data payload between synchronization
sequences. This means that as the data rate 1s lowered, the
sync sequences come further apart in time, which can put a
lower limit on average acquisition times 1f the receiver needs
to find one or more of these sync sequences. For example,
a 64 Kbps wavelorm with 64 Kb data payload between sync
sequences would require at least 1 second for acquisition 1n
the worst case (average 2 second). Many implementations
only pass data through to the FEC decoder once the sync
sequences have been 1dentified as being found (which may
require the receiver to identily several consecutive sync
sequences).

The principles described herein solve the above-described
problem, 1.e., the problem of extended periods of time for
achieving acquisition when using lower data rates, by using
an existing FEC decoder (e.g., a turbo code decoder), with
hardware capable of decoding at rates much faster than the
lower data rate, to detect FEC alignment to accelerate
acquisition i wavelforms with infrequent sync patterns.
Some of the modems have the capability to decode wave-
forms (e.g., turbo coded waveforms) at a rate on the order of
100 Mbps. Some of these same modems support wavelforms
of throughput 100 Kbps or less, meaning that the modems
are capable of decoding data three orders of magnitude
greater than the data i1s being received. The principles
described herein include using speculative full and partial
(e.g., reduced decoding iterations) decoding of multiple
possible alignments to identily the FEC alignment. Specu-
lative decoding refers to attempts to decode when the valid
alignment may be unknown. Indeed 1n some embodiments,
embodiments may use a sliding window to attempt to
decode every alignment until a valid alignment 1s found.
Alternatively, embodiments may use a sliding window with
a fixed number of coded bit shifts until a valid alignment 1s
found. Alternatively, embodiments may select random or
pseudo random alignments until a valid alignment 1s found.
This 1s well suited to non-interleaved wavetorms where the
receiver 1s capable of Turbo decoding at a much higher rate
than the low-rate waveform of interest. The decoder would
run a full or partial decoding on a particular window of bits,
assumed to be an FEC code block that results from trans-
mitting a valid codeword in the FEC code. If 1t happens to
be 1n correct alignment and the channel 1s sufliciently good,
the block will be tully decoded to a valid codeword and the
internal Turbo decoder metrics will converge. Partial decod-
ing occurs where iterations for decoding attempts are halted
when 1t 1s determined that further iterations are unlikely to
result 1n a valid alignment due to evaluation of decoding
with respect to different internal metric thresholds or with
metrics such as the number of bits corrected. In some
embodiments, partial decoding includes performing an error
correction process 1teratively until a decoder metric reaches
a predetermined value. In some embodiments, the decoder
metric includes (but are not limited to) (1) a predetermined
number of iterations being performed, (2) a predetermined
number of bits being corrected, (3) numerical convergence
or divergence of an mternal decoding metrics, or (4) an error
1s detected. In some embodiments, the predetermined value
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4

of a decoder metric 1s determined based on processing
power of the FEC decoder relative to data receiving rate of
the data stream.

The probability of converging to a codeword given input
that was not generated from a codeword 1s extremely small.

At low enough data rates, this sliding window decoding
can be performed for every single received bit (or symbol for
modulation orders greater than 1). At higher rates, the
decoder may not be able to process fast enough to do a full
or partial decoding on every possible FEC block alignment,
until a valid alignment 1s found, and some subset of the
possible alignments may be performed. In this case, care
should be taken that the alignment will be eventually found.
For example, a code block size of 1024 bits, the window
shift size of 3 bits will ensure that the alignment will be
found within 3 code blocks. In some embodiments, this shift
represents a relative prime fixed window shift with respect
to the block size.

FIG. 1 1illustrates an example of an environment of a
wireless communication system 100. The wireless commu-
nication system 100 includes one or more source devices
110, and one or more destination devices 130. As 1llustrated,
the source device 110 includes a transmitter 112 configured
to send out a wireless signal having the destination device
130 as a destination. The destination device 130 includes a
receiver 132 configured to receive the signal transmitted by
the source device 110. In some embodiments, each of the
source devices 110 and destination devices 130 may be a
mobile phone, a tablet, a laptop computer, a radio, or any
object that 1s coupled to a communication circuitry and/or
device, such as (but not limited to) a ground vehicle, an
airplane, a watercraft, and/or a satellite.

In a wireless digital communication system, the transmit-
ting and recerving of a signal in a link include many steps.
FIG. 2 1llustrates a functional block diagram of an example
of a communications link 200, including a transmitter 210
and a receiver 220. The transmitter 210 includes a source
coder 214, a FEC encoder 216, and a modulator 218. The
FEC encoder 216 1s configured to add redundancy, for
example, 1n a form for a forward error correction code, 1n
order to make i1t more resistant to transmission e€rrors 1ntro-
duced by the channel 260. The receiver 220 includes a
demodulator 228, a FEC decoder 226, and a source decoder
224. The FEC decoder 226 1s configured to eliminate most
or all of the errors (which may be caused by noise 262) that
may be present in the resulting bitstream. Note, the func-
tional blocks shown 1 FIG. 2 are oversimplified, and the
separation of the functional blocks 1n embodiments are not
necessarily the same as shown in FIG. 2. One or more of
these functional blocks 1 FIG. 2 may be combined into a
single electronic device, including complex circuitry, one or
more generic processors and/or storages that are configured
to execute custom or generic firmware and/or software to
achieve the desired results.

As 1llustrated 1in FIG. 2, data can be transmitted from the
transmitter 210 to the recerver 220 via the propagation
channel 260. However, data in networks 1s not transferred as
a simple stream of bits or bytes but 1in terms of frames or
packets. As the propagation channel does not have a concept
of frames or separated data units, the sender and receiver are
configured to recogmize frame borders in the data stream.
This process of recognizing the borders of each data frame
1s called alignment.

In conventional alignment schemes, a synchronization
sequence (also referred to as a syncword) 1s inserted 1nto the
modulated symbol streams. At the receiver end, this known
syncword 1s detected, and 1ts position 1s used to 1dentity the




US 11,601,216 Bl

S

beginning and end of coded blocks (also referred to as
frames). In general, a synchronizer operates 1n two basic
modes, namely an acquisition mode and a lock mode. In the
acquisition mode, the receiver does not know the borders of
cach data frame. Thus, the synchromzer tries to identify the
borders of at least one data frame by finding one or more
syncwords. Once the one or more syncwords are found, the
synchronizer enters the lock mode and passes data frames to
the next stage (such as a demodulator or an FEC decoder)
with the syncword stripped off. In the lock mode, the
syncword has already been detected or confirmed at the
predicted positions, and the receiver knows the borders of
cach data frame.

For example, when a receiver 1s turned on or restarted, 1t
1s often 1n the acquisition mode. The process of transitioning
from the acquisition mode to the lock mode 1s called
acquisition. One of the components of acquisition 1s FEC
alignment (also referred to as alignment). The time required
for acquisition 1s called an acquisition time. For various
reasons, fast acquisition often becomes diflicult for low data
rates for a fixed physical layer framing scheme. The prin-
ciples described herein solve the problem of slow acquisi-
tion for low data rates by using an FEC decoder to detect
alignment at various codeword boundaries, instead of at
syncword boundaries.

FIG. 3 illustrates an example of a communications link
300, in which a receirver 360 implements the principles
described herein. As 1illustrated, the link 300 includes a
transmitter 310, a receiver 360, and a propagation channel
350, which corresponds respectively to the transmitter 210,
the recerver 220, and the propagation channel 260 of FIG. 2.
The transmitter 310 1s configured to transmit data to the
receiver 360 via a propagation channel 350, which intro-
duces noise 352. The transmitter 310 includes an FEC
encoder 314 and a modulator 316, which correspond respec-

tively to the FEC encoder 216 and the modulator 218 of FIG.
2.

The receiver 360 includes a demodulator 364 and an FEC
decoder 370, which corresponds respectively to the demodu-
lator 228 and the FEC decoder 226. The demodulator 228 1s
configured to demodulate the received symbol streams with
syncwords into a digital data stream, such as a bitstream.
The digital data stream 1s sent to the FEC decoder 370. The
FEC decoder 370 includes an alignment detector 372 con-
figured to detect an alignment of a code block.

When the FEC decoder 370 1s 1n the acquisition mode, the
alignment detector 372 selects a data window of a prede-
termined number of data units (such as symbols or bits) in
the data stream, and assumes the predetermined number of
data units to be an FEC codeword. The data window of the
predetermined number of data units (also referred to as a
code block) has the same size as a codeword. The alignment
detector 372 then runs full or partial decoding on the code
block. If the decoded code block cannot be decoded 1nto a
valid codeword, another window of the predetermined num-
ber of data units 1s selected and decoded. This process
repeats until a valid codeword (or even when a valid
syncword) 1s found. When the valid codeword 1s found, the
decoder assumes that an alignment 1s found, because the
probability of converging to a codeword given the mput was
not generated from a codeword 1s extremely small. Accord-
ingly, the FEC decoder 370 may achieve synchronization 1n
a wavelorm 1 which the insertion of syncwords i1s not
required.

In some embodiments, the same principles may also be
implemented in the acquisition of synchronized waveforms
(that include syncwords, albeit infrequently encountered) to
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6

reduce the acquisition time. In such an embodiment, the
modulator 316 further includes a syncword inserter 318
configured to msert syncwords into the modulated symbols
streams. The syncwords are configured to divide the symbol
stream 1nto multiple frames. FIG. 4 1llustrates an example of
a symbol stream 410 1n which multiple syncwords 422, 424
are 1nserted to generate a new symbol stream 420. As
illustrated, the symbol stream 410 includes multiple code-
words 412, 414, 416, and 418, and the symbol stream 410 1s
divided into multiple frames 426, 428, each of which
includes a predetermined number of codewords.

In such a case, the recerver 360 may also include a
synchronizer 368 configured to detect one or more sync-
words. The synchronizer 368 may or may not be a compo-
nent of the demodulator 364. In embodiments, while the
synchronizer 368 1s configured to perform acquisition or
synchronization, which 1dentifies one or more syncwords 1n
the symbol streams, the demodulator 364 and the FEC
decoder 370 are also going through windows of data units
(e.g., bits) for finding codewords.

There are many diflerent error control coding schemes,
including linear block code (e.g., low-density parity-check
(LDPC) code, turbo code) or non-linear block code. Regard-
less of which specific coding or decoding method 1s 1mple-
mented, the alignment detector 372 of FIG. 3 1s configured
to detect alignment by decoding one or more data windows.

FIG. 5 illustrates a process of detecting one or more
syncwords 1n a symbol stream by a synchronizer 368. As
illustrated, the synchronizer 368 scans a symbol window of
a predetermined number of symbols that corresponds to the
length of each syncword. Depending on the starting point of
the symbol window, the synchronizer 368 may be required
to scan a whole frame of the symbol stream before a valid
syncword 1s found. For example, a 64 Kbps wavelorm with
64 Kb data payload between syncwords would require at
least 1 second in the worst case (or an average of 0.5
seconds) for acquisition. In a conventional receiver, a
decoder will not start decoding until the acquisition 1is
completed.

Unlike conventional receivers, in the receiver 360, while
the synchronizer 368 1s trying to achieve synchronization,
the FEC decoder 370 1s also trying to find an alignment of
a code block. FIG. 6 1illustrates a process ol identifying
alignment 1n a data stream 600 (such as a bit stream). The
data stream 600 includes multiple syncwords 612 and mul-
tiple codewords 614.

As 1llustrated, a first data window 610 of a predetermined
number of data units (such as symbols or bits) 1s selected.
The decoder assumes the first data window 610 to be a
codeword. The alignment detector 372 attempts to decode
the first data window 610 to determine whether the first data
window 610 1s a valid codeword. If the alignment detector
372 1s unable to decode the first data window 610, the first
data window 610 1s not a valid codeword, a second data
window 620 1s selected. Similarly, the decoder assumes the
second data window 620 to be a codeword. The alignment
detector 372 attempts to decode the second data window 620
to determine whether the second data window 620 1s a valid
codeword. If the second data window 620 1s not a vald
codeword, a third data window 630 1s selected. This process
repeats until the alignment detector 372 1s able to decode a
window so as to identily a data window that 1s a valid
codeword. Once a valid codeword 1s 1dentified, an alignment
1s established. Once an alignment has been established with
some predetermined confidence, the decoder need only
decode the actual recerved codewords as identified by the
alignment.
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Referring back to FIG. 3, if the synchronizer 368 achieves
synchronization betfore the FEC decoder 370 finds an align-
ment of a code block, the synchromizer 1s configured to cause
the FEC decoder 370 to switch to the lock mode. In response
to switching to lock mode, the FEC decoder 370 stops its
attempts of finding codewords and starts to decode based on
the alignment found by the synchronizer 368. On the other
hand, 1f the synchronizer 368 detects the one or more
syncwords after the FEC decoder 370 finds an alignment, the
synchronizer 368 notifies the FEC decoder 370 of the
detected syncwords, causing the FEC decoder 370 to skip
the syncwords 1n subsequent decoding of codewords while
keeping the previously decoded codewords. Since the FEC
decoder 370 1s able to keep the decoded codewords prior to
the acquisition of the synchromizer 368, the receiver 360
could establish communication sooner than the acquisition
of the synchronizer 368. In particular, the embodiments
described herein are well suited to non-interleaved wave-
forms where the receiver 1s capable of FEC decoding at a
much higher rate than the low-rate wavetform of interest.

In some embodiments, such an FEC decoder may also be
used to decode symbol streams in sync-less wavelorms.
Alternatively or 1n addition, the FEC decoder may be used
to accelerate the acquisition of a synchronized wavetform by
a synchronizer. If an alignment 1s found before the acqui-
sition 1s completed by the synchronizer, the decoder con-
tinues to decode based on the identified alignment. Once the
acquisition 1s completed by the synchromizer, the decoder
can keep the decoded codewords, and then continue to
decode, skipping the syncwords 1dentified by the synchro-
nizer.

While FIG. 6 illustrates an example of a sliding window
that progressively moves bit by bit to select various possible
alignments, 1t should be appreciated that various alternatives
may be implemented 1n various different embodiments. For
example, as illustrated above, a sliding window that pro-
gressively moves symbol by symbol to select alignments
may be implemented. Alternatively, a sliding window that
moves multiples of bits or symbols may be used to select
alignments. Alternatively or additionally, a random or
pseudo randomly selected window alignment may be used.
Various selection techniques will be discussed in more detail
below.

As 1llustrated 1n the preceding examples, at low enough
data rates, a sliding window attempting every possible
alignment for decoding until a valid alignment can be found
can be performed for every single received bit. This example
1s covered extensively above, and as such, will not be treated
turther here.

As the data rate increases, the decoder may not be able to
process fast enough to attempt decoding on every possible
FEC block alignment. In such cases, some subset of the
possible alignments may be performed. For example, in
some embodiments, the sliding window may slide multiple
bits for each attempt to decode a possible FEC block
alignment. In these cases, care should be taken that the
alignment will be eventually found. That 1s, care should be
taken not to cause the window to slide 1n a fashion that there
1s a possibility that an alignment will never be found. For
example, consider a trivial case where there are 6 bits per
codeword and the window slides 3 bit per shuft. In this case,
if a codeword 1s not found on the first attempt, the 3-bit shait
will assure that the codeword will never be found. Using a
2-bit shift, only half of the possible first alignments will
result in eventually finding a correct alignment, while the
other half of possible first alignments will result in never
finding a valid alignment. For example, for a code block
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having a size of 1024 bits, the window shift size of 3 bits will
ensure that the alignment will be found within 3 code blocks.
For instance, when a window shift size 1s three bits, a first
window, starting at a first data point, 1s selected. If an
attempt of decoding the first window does not 1dentify a
valid codeword, a second window, starting at a second data
point, 1s selected. The second data point 1s 3 bits away from
the first data point. I the attempt of decoding the second data
window also does not i1dentity a valid code word, a third
window starting at a third data point (that 1s 3 bits away from
the second data point) 1s selected. This process repeats until
a valid codeword 1s identified, and it 1s certain that within
1024 attempts (1.e., within 3 code blocks), a valid codeword
should be identified. Note, the window shift size 1s not the
same as the window size. Fach of the first window, the
second window, and the third window has a same size as the
code block (1.e., 1024 bits). To ensure that when using
multi-bit shifting, an alignment will eventually be found, the
window shift size 1s selected to be a relatively prime number
with respect to the size of the codeword or code block.

Similar principles may be applied with respect to aligning
on symbols with modulation orders greater than 1. For
example, systems can transmit symbols that represent mul-
tiple bits, such as when symbols are modulated using
quadrature phase shift keying (QPSK) (4 coded bits per
symbol) or binary phase shift keying (BPSK) (2 coded baits
per symbol). Embodiments can use a sliding window where
every symbol alignment 1s attempted until a valid alignment
1s discovered, or where multiple symbol shiits are used. The
same principles described above should be taken into
account 1n such situations.

Note that when symbols are used instead of bits, phase
ambiguities can occur, such that these ambiguities must be
accounted for 1n the alignment algorithm. For example, for
BPSK, an ambiguity may exist as to whether a sequence 1s
11001110 . . . or 00110001 . . . . For QPSK there are 4
different possible ambiguities for each symbol. Thus, some
embodiments may 1nclude attempting every possible symbol
phase alignment until a valid alignment 1s found.

Note that as indicated above, 1n some embodiments, the
window shift size may be a random or pseudo randomly
selected size.

As discussed above, embodiments may perform a full or
partial decoding of a given window. Full decoding occurs
when a codeword 1s able to be correctly 1dentified by the
decoding process within some predetermined criteria. For
example, such criteria may be related to a number of
iterations performed by an FEC decoder. That 1s, a codeword
will begin to converge over iterations if the alignment 1s
correct. I the alignment 1s not correct, the codeword will not
converge. Thus, embodiments may specily a maximum
number of iterations before decoding 1s abandoned. Thus,
partial decoding occurs when decoding 1s abandoned and a
determination 1s made that a valid codeword will not be
found, and that a valid alignment has not been selected. In
some embodiments, the number of iterations to perform
until decoding 1s abandoned 1s determined based on the
capabilities of the decoding hardware relative to a data rate.
Thus, for example, 1f hardware 1s capable of performing at
100 Mbps and the data rate 1s 100 Kbps, this implies that the
hardware 1s three orders of magnitude more capable than
needed. In this case, 10s or even hundreds of iterations can
be performed before abandoning decoding. Alternatively, 1
the hardware and data rates are closer together, the number
of 1terations may be drastically reduced. Indeed, in many
embodiments, a determination can be made as to whether or
not a decoding will converge within 10 1terations.
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Alternatively or additionally, the criteria of whether or not
to abandon decoding may be based on determination of
Hamming distances between the results of subsequent itera-
tions. If these distances exceed some predetermined thresh-
old, then attempts to decode can be abandoned, and only a
partial decoding 1s performed.

Alternatively or additionally, the criteria of whether or not
to abandon decoding may be based on the number of bits
tlipped during one or more decoding operations.

The same principles could be used 1n waveforms that use
different FEC schemes. For example, the embodiments
described herein are well suited to non-interleaved wave-
forms where the receiver 1s capable of Turbo decoding at a
much higher rate than the low-rate wavetform of interest. As
another example, full low-density parity-check (LDPC)
decoding or partial LDPC decoding could also be used
where the number of satisfied checks 1s the metric. In this
case, even a single hardware 1teration may be suflicient to
identify the number of satisfied checks there are. Similarly,
the same principles could also be used 1n other schemes such
as algebraic codes with errors-corrected metrics.

In many cases, the recetver may find FEC alignment faster
than alternative methods but 1t has an added benefit of
having already fully decoded a block (or partial decoding a
block) by the time the synchronization 1s achieved. In other
words, 1f the decoder finishes decoding a valid codeword,
sync lock can be declared, and immediately the previously
received and currently decoded codeword 1s available at the
decoder. Accordingly, the principles described herein could
make possible lower overhead sync-less wavetorms. If 1t 1s
used on waveforms with sync sequences, sync detector
hardware would still be required to i1dentily when a sync
sequence was present so an appropriate window shift can be
applied to the window that selects the FEC block and sends
it to the decoder.

The following discussion now refers to a number of
methods and method acts that may be performed. Although
the method acts may be discussed 1n a certain order or
illustrated 1n a tlow chart as occurring 1n a particular order,
no particular ordering 1s required unless specifically stated,
or required because an act 1s dependent on another act being
completed prior to the act being performed.

FIG. 7 1illustrates a flowchart of an example method 700
for detecting an alignment of a code block 1n a data stream.
The method 700 may be performed by a FEC decoder 370
and/or recerver 360 of FIG. 3 or 8 for decoding sync-less
wavelorms or wavelorms with sync sequences. The method
700 1ncludes recerving a data stream containing a plurality
of codewords encoded based on a particular error control
coding method (act 710). Each codeword has a predeter-
mined size. The particular error control coding method may
be (but are not limited to) a turbo coding method, or an
LDPC method. The method 700 further includes selecting a
data window of the predetermined size (which 1s the size of
cach codeword) (act 720) and fully decoding or partially
decoding the data window of the predetermined size (act
730). It 1s then determined whether the data window 1s a
valid codeword based on the decoding result (act 740). In
response to determining that the data window 1s a valid
codeword, an alignment 1s found (act 750), and the decoder
continues to decode a next code block based on the align-
ment (act 760). On the other hand, 1n response to determin-
ing that the data window 1s not a valid codeword, a second
data window of the predetermined size is selected (act 770),
and the second data window 1s fully decoded or partially
decoded (act 780). Based on the decoding result, 1t 1s then
determined whether the second data window 1s a valid
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codeword (act 740). This process repeats until an alignment
ol a code block 1s found (act 750).

In some embodiments, the method 700 may be 1mple-
mented to find alignment 1n a sync-less waveform. Alterna-
tively, the method 700 may be implemented to help a
synchronizer to accelerate the process of acquisition for a
wavelorm with sync sequences.

FIG. 8 1llustrates a flowchart of an example of method 800
for using an FEC decoder to accelerate synchronization for
wavelorms with sync sequence (1.e., syncwords). The
method 800 may be performed by the receiver 360 of FIG.
3. The method 800 1ncludes attempting to achieve synchro-
nization by a synchronizer (act 810). The synchronizer
corresponds to the synchronizer 368 of FIG. 3. While the
synchronizer attempts to achieve synchronization, an FEC
decoder (which corresponds to the FEC decoder 370 of FIG.
3) 1s attempting to find an alignment of a code block (act
820). The act 820 of attempting to find an alignment of a
code block by the FEC decoder corresponds to the method
700 of FIG. 7. I the synchronization 1s achieved by the
synchronizer before the FEC decoder finds an alignment of
a code block (act 830, Yes), the FEC decoder aborts 1its
attempt of finding an alignment of a code block and starts to
decode based on the synchronization (act 840). If the FEC
decoder finds an alignment of a code block before the
synchronization 1s achieved by the synchronizer (act 830,
No), the FEC decoder keeps the previously decoded code-
words, and continue decoding based on the synchronization,
skipping the syncwords i1dentified by the synchromization
(act 850).

For the processes and methods disclosed herein, the
operations performed in the processes and methods may be
implemented 1n differing order. Furthermore, the outlined
operations are only provided as examples, and some of the
operations may be optional, combined into fewer steps and
operations, supplemented with further operations, or
expanded 1nto additional operations without detracting from
the essence of the disclosed embodiments.

The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or characteristics.
The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention 1s, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What 1s claimed 1s:

1. A digital commumication system comprising:

a recerver configured to receive a data stream containing,

a plurality of codewords, each codeword having a
predetermined size and having been encoded based on
a particular error control coding method, wherein

the receiver includes a forward error correction (FEC)

decoder having an acquisition mode and a lock mode;

the FEC decoder 1s configured to find an alignment of a

code block by attempting to decode one or more data

windows of the predetermined size in the data stream,

comprising;:

selecting a first data point in the data stream:;

attempting to decode a first data window of the prede-
termined size starting from the first data point based
on the particular error control coding method;

determining whether a valid codeword can be 1dentified
by attempting to decode the first data window;

in response to determining that a valid codeword can be
identified by attempting to decode the first data
window,
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determiming that an alignment of the code block 1s
found; and

switching the FEC decoder to the lock mode;

in response to determining that a valid codeword 1s not

identified by attempting to decode the first data

window,

selecting a second data point 1n the data stream; and

attempting to decode a second data window of the
predetermined size starting from the second data
point based on the particular error control coding
method.

2. The digital communication system of claim 1, wherein
the second data point 1s a predetermined number of data
units away from the first data point.

3. The digital communication system of claim 2, wherein:

the predetermined number of data units 1s determined

based on a data receiving rate of the data stream; and

when the data receiving rate 1s a rate that 1s higher than a

lower rate, the second data point 1s further apart from
the first data point than that when the data receiving rate
1s the lower rate.

4. The digital communication system of claim 2, wherein
the predetermined number 1s a prime number relative to a
number of data units contained in each codeword.

5. The digital communication system of claim 2, wherein:
the first data point comprises a first symbol; and
the second data point comprises a second symbol that 1s

a predetermined number of symbols away from the first

symbol 1n the data stream.

6. The digital communication system of claim 1, wherein:

the first data point comprises a first bit; and

the second data point comprises a second bit that 1s a
predetermined number of bits away from the first bit in
the data stream.

7. The digital communication system of claim 1, wherein:

the data stream 1s divided into a plurality of frames;

cach frame starts or ends with a syncword; and

the recerver further includes a synchronizer configured to

detect one or more syncwords in the data stream.

8. The digital communication system of claim 7, wherein
when the synchronizer detects the one or more syncwords
betfore the FEC decoder finds an alignment of a code block,
the synchronizer 1s configured to cause the FEC decoder to
switch to the lock mode.

9. The digital communication system of claim 7, wherein
when the synchronizer detects the one or more syncwords
alter the FEC decoder finds an alignment, the synchromizer
notifies the FEC decoder of positions of syncwords, causing,
the FEC decoder to skip the syncwords in subsequent
decoding of codewords while keeping previously decoded
codewords.

10. The digital communication system of claim 1, wherein
partial decoding includes performing an error correction
process iteratively until a decoder metric reaches a prede-
termined value.

11. The digital communication system of claim 10,
wherein the decoder metric includes (1) a predetermined
number of iterations being performed, (2) a predetermined
number of bits being corrected, (3) numerical convergence

or divergence of internal decoding metrics, or (4) an error 1s
detected.

12. The digital communication system of claim 10,
wherein the predetermined value of a decoder metric 1s
determined based on processing power of the FEC decoder
relative to data receiving rate of the data stream.
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13. The digital communication system of claim 1, the
particular error control coding method 1s one of: (1) a turbo
coding method, or (2) a low-density parity-check decoding
method.

14. A method for finding an alignment of a code block by
attempting to fully decode or partially decode one or more
data windows 1n a data stream, wherein the data stream
includes a plurality of codewords encoded based on a
particular error control coding method, and each codeword
has a predetermined size, the method comprising:

selecting a first data point 1n the data stream:;

attempting to decode by a forward error correction (FEC)
decoder a first data window of the predetermined size
starting from the first data point based on the particular
error control coding method;

determiming whether a valid codeword can be 1dentified

by attempting to decode the first data window; and

in response to determining that a valid codeword can be

identified by attempting to decode the first data win-

dow,

determining that an alignment of the codeword with the
first data window 1s found; and

continuing decoding subsequent codewords based on
the alignment;

in response to determining that a valid codeword 1s not

identified by attempting to decode the first data win-

dow,

selecting a second data point 1n the data stream; and

attempting to decode a second data window starting
from the second data point based on the particular
error control coding method.

15. The method of claim 14, wherein the second data
point 1s a predetermined number of data units away from the
first data point, the data unit 1s a symbol or a bat.

16. The method of claim 15, wherein:

the predetermined number of data units i1s determined

based on a data receiving rate of the data stream; and

when the data recerving rate 1s a rate that 1s higher than a

lower rate, the second data point 1s further apart from
the first data point than that when the data receiving rate
1s the lower rate.

17. The method of claim 14, wherein:

the data stream 1s divided mto a plurality of frames;

cach frame starts or ends with a syncword;

the method further includes detecting one or more sync-

words 1n the data stream.
18. The method of claim 17, wherein the method further
includes:
in response to detecting the one or more syncwords before
the FEC decoder finds an alignment of a code block,
causing the FEC decoder to switch to a lock mode; or

in response to detecting the one or more syncwords after
the FEC decoder finds an alignment, notifying the FEC
decoder of positions of syncwords, causing the FEC
decoder to skip the syncwords 1n subsequent decoding,
of codewords while keeping previously decoded code-
words.

19. The method of claim 14, wherein partial decoding
includes performing an error correction process iteratively
until a decoder metric reaches a predetermined value.

20. A forward error correction (FEC) decoder having an
acquisition mode and a lock mode, wherein:

when the FEC decoder 1s in the lock mode, the decoder

knows borders of each codeword 1n a data stream, and
the decoder 1s configured to decode each codeword 1n
the data stream based on a particular error control
coding method;
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when the FEC decoder 1s 1n the acquisition mode, the FEC
decoder does not know the borders of each codeword 1n
the data stream, and the FEC decoder 1s configured to:
find an alignment of a code block 1n the data stream by
attempting to fully decode or partially decode one or 5
more data windows of a predetermined size 1n the
data stream, the predetermined size being a size of
cach codeword, comprising:
selecting a {first data point 1n the data stream:;
attempting to decode a first data window of the 10
predetermined size starting from the first data
point based on the particular error control coding
method;
determiming whether a valid codeword can be 1den-
tified by attempting to decode the first data win- 15
dow:;
in response to determining that a valid codeword can
be 1dentified by attempting to decode the first data
window,
determining that an alignment of the code block 1s 20
found; and
switching the FEC decoder to the lock mode;
in response to determining that the decoded data
window 1s not a valid codeword,
selecting a second data point in the data stream; 25
and
attempting to decode a second data window of the
predetermined size starting from the second
data point based on the particular error control
coding method. 30
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